Abstract
INTRODUCTION
Sodium is a mineral nutrient essential for life in small quantities. For many years, concerns have been expressed that consumption levels of sodium are well above those needed for nutritional purposes, and that these are having an adverse effect on health, in particular increased high blood pressure leading to higher risk of cardiovascular diseases (1) (2) . Studies also indicate significant associations between high sodium intake and a variety of chronic conditions including type II diabetes (3), cataract (4), gastric cancer (5) , kidney disease (6, 7) and osteoporosis (6, 8) . A high salt intake may also be an important contributing factor in the development of obesity (9) . The prevalence of hypertension (blood pressure above 140/90 mmHg) in the Slovenian adult population (age 25 to 64 years) is high (39.6%) (10) , making a reduction in salt intake a national priority for the prevention of cardiovascular disease. WHO recommends a reduction in sodium intake to reduce blood pressure and risk of cardiovascular disease, stroke and coronary heart disease in adults. WHO recommends a reduction to <2 g/day sodium (5 g/day salt) in adults (11) . In 2005, Slovenia adopted the recommendation for nutrients intake from Germany, Switzerland and Austria named The Reference Values for Nutrients Intake (D-A-CH). The Reference Values for Nutrient Intake create the basis on which diets are planned to match nutritional requirements with food intake. The minimum recommended value for daily sodium intake for adults in-line with D-A-CH recommendations amounts to 550 mg/day of sodium (1.4 g/day salt) (12) . In developed countries, ingestion of sodium tends to exceed the recommended intake (13) , with the largest proportion originating from processed foods: for example, in the United Kingdom and the USA, it has been estimated that 75% of sodium intake comes from processed or restaurant foods, 10-12% is naturally occurring in foods and the remaining 10-15% is from the discretionary use of salt in homecooking or at the table (14) . In the British Diet and Nutrition Survey, a number of key food groups were found to be the major contributors to total daily sodium intake from food among British adults. These included cereals and cereal products providing 35%, meat and meat products contributing 26% and milk and milk products 8% of sodium from food (15) . In Slovenia, the average salt intake of the population, assessed by 24h urinary sodium excretion, is 11.3±4.9 g salt/d, significantly higher in men than in women (13.0±5.1 vs. 9.9±4.3 g salt/day respectively) (16) . The total salt intake of 2,581 Slovenian adolescents (aged 14 to 17 years) was 10.4±0.2 g salt/d, much higher than the upper WHO limit for adults. Moreover, boys ate more salt than girls (11.5±0.3 vs. 9.4±0.2 g salt/d P < 0.001). The main food sources of salt for adolescents were table salt (33%), bread (24%), salty snack products (10%) and meat products (8%) (17, 18) . However, there is little information on exposure to sodium-rich foods in the general population of Slovenia (19) (20) (21) . There are various methods to estimate sodium intake in a population. While measurement of urinary sodium excretion is the most accurate method (22) , other methods, i.e. different food consumption surveys (questionnaires or interviews), tend to underestimate sodium intake by approximately 16-22% (17, 18) . Information about nutrient availability within a country can be collected using three different means: food balance sheets, household budget surveys (HBSs) and specifically designed individual food consumption surveys. Both food balance sheets and HBSs provide insight into food availability but do not assess food consumption at an individual level. Food consumption data collected in nutrition surveys could be used for estimating sodium intake where accurate data on the sodium content of local foods were available (23) . The objective of the present study was to estimate average daily sodium availability in purchased foods per Slovenian consumer based on the food purchase data from the HBSs for the period 2000-2009. The secondary aim was to establish a comprehensive food composition database to monitor the sodium content of foods in Slovenia.
METHODS

The Household Budget Survey sampling design
The sample frame is the Central Population register (CRP). The sample stratification was made with regard to 12 statistical regions and six types of settlements. The survey was harmonised with Eurostat's recommendations. By combining data of three consecutive years, more accurate estimates are obtained. Data from three years are calculated to the middle year, which is used as the reference year for the interpretation of published results. The survey is implemented on the basis of the Slovenian National Statistics Act (24) and the Annual Programme of Statistical Surveys. The consumption of goods is collected by diaries that are kept by all household members for two consecutive weeks. HBS data used for calculations in the present survey contains 223 foods purchased in stores, food markets or produced at own garden/farm by an average 3,727 households a year. Average sample in the HBS consisted of 11-12% children (<11 years), 8-9% adolescents (11-18 years) and 78-80% adults (>18 years) from 12 Slovenian geographical regions.
The Slovenian representative sample of households was equally distributed throughout the year. A more detailed description of the HBS sampling design is available elsewhere (25) . In the study, we used data from nine HBSs from the period 2000-2009. 1. sodium content of purchased foods were derived from food product labels; 2. for fresh foods and unlabelled products, we applied generic data from national and European food composition tables, and 3. sodium content of purchased meat products and bread and bakery products were analysed at the National Institute of Public Health, in a laboratory accredited according to ISO 17025. Sodium content was calculated from the present and quantified salt in the products (26) . Data obtained from the second and last source were screened by the authors (CRH) for plausibility. The results were expressed in milligrams of sodium per person daily. Comparisons on distribution of the largest contributors to the total SAPF were carried out. For the conversion from sodium (Na) to salt (sodium chloride (NaCl)), a factor of 2.54 was used, NaCl (mg) = Na (mg) x 2.54.
Estimation
Statistical analysis
Statistical analyses were performed using SPSS for Windows (16.0). Descriptive statistics were calculated for continuous variables and expressed as mean, standard error of mean and standard deviation.
RESULTS
Sodium availability from purchased foods in Slovene households for the period 2000-2009
Based on the HBS data, sodium contained in salt added at cooking/preparing meals and at the table, salt from ready-made meals and most semi-prepared foods were excluded from this survey. Table 1 
Sodium and salt availability by food groups
In NaCl (mg) = Na (mg) x 2.54/ 1 mmol of sodium (Na) ustreza 23.0 mg; NaCl (mg) = Na (mg) x 2.54
In addition, in the examined period the SA in bread and bakery products decreased and the SA in processed vegetables and cheeses increased slightly (Figure 1 ). 
Sodium and salt availability of foods according to their sodium content and purchased quantity
In Table 3 and 4, only foods with the highest contribution to total daily SAPF with confidence intervals are presented. To interpret their high contribution to total SAPF, these foods can be divided into three groups according to the other foods included: 1) foods with high sodium content and high purchased quantity, 2) foods with high sodium content and relatively low purchased quantity and 3) foods with relatively low sodium content and high purchased quantity. Based on this classification, various salamis and cheeses were included in the first group. In the second group with high sodium content, bacon, dry meat, prosciutto and various sausages were included. In the third group with high purchased quantity, foods like cow's milk, brown bread, mixed bread and white bread were included. In comparison to other foods with much higher sodium content (e.g. salami, sausages, dry meat etc.), the highest contribution to SAPF was represented by white bread (239 mg Na/p/day; 11.1% of SAPF), since its purchased quantity was rather high (42 mg/p/day). It was similar with SA in brown bread (89 mg Na/p/ day; 4.1% of SAPF), mixed bread (76 mg Na/p/day; 3.5% of SAPF), cow's milk (47 mg Na/p/day; 2.2% of SAPF) and rolls (40 mg Na/p/day; 1.9% of SAPF). Otherwise, foods with higher sodium content obviously contributed a large part of the daily SA as well; various salamis contributed 9.3% of SAPF (200 mg Na/p/day), cheeses 5.1% (110 mg Na/p/day), dry meat 3.7% (80 mg Na/p/day) and prosciutto 2.7% (60 mg Na/p/day), while various sausages, frankfurters (hot-dog) and bacon separately contributed 1.9% to SAPF (40 mg Na/p/day). Mixed bread contributed up to 3.5% to SAPF and was purchased in 15.10 g/p/day, while dry meat contributed almost the same 3.7% to SAPF but was purchased in only 4.55 g/p/day. All food subcategories listed in Table 3 still have the sodium content above the FSA 2012 sodium reduction targets (27) . In the 2009 HBS survey, in the food subcategory for bread and bakery products, only toast had a sodium content below the target, while other breads, rolls and breakfast cereals, meat products and processed vegetables and cheeses had sodium contents above the targets.
DISCUSSION
The present study indicates that the estimated average amount of sodium available for consumption based on the household food purchases in Slovenia was 2,104±132 mg/p/day (equivalent to ~5.3 g of salt per day). Regarding the contribution of particular food groups to total SAPF, we found that bread bakery products and meat products were the major sources of sodium from purchased foods. The consumption of bread and bakery products, representing one of the food groups that mainly contribute to total household SA, decreased in the period 2000-2009. A similar trend was noticed in meat products, whose purchase started decreasing after 2006, when Slovenia has started a nationwide program of population reduction of salt intake. According to the recommended maximum sodium limit of 2,000 mg per healthy adult daily (28), we estimated that bread and bakery products represent 35.0% (761 mg Na/day) of the recommended quantity and meat products 27.9% (597 mg Na/day). Despite the smaller purchased quantities of highersodium foods (e.g. sausages, prosciutto, dry meat, pickled cucumbers) in comparison to larger purchased quantities of the medium-sodium foods (e.g. white bread, mixed bread, brown bread, milk, rolls), both food groups contribute significant amounts of sodium in the diets of Slovenians. Therefore, these two food groups are estimated to represent almost 65% of the recommended daily intake of sodium. These estimates suggest the need for inclusion of these items in the reformulation targets for a population salt reduction strategy.
Results from the present analysis indicate that food subcategories with the largest contribution to SAPF did not meet FSA 2012 Na reduction targets, and its adherence would lower the average salt intake if applied incrementally over the next ten years. Gradual, incremental reduction by 4% annually in the salt content of processed food can be achieved without consumers detecting the reduction (29) . A number of studies have been carried out to assess the sodium availability from purchased food. Sources of dietary sodium vary largely worldwide. The review of some compared European, Canadian and USA studies can be seen in Table 5 .
The differences in dietary sodium availability between countries may be due to the variable selection of foods within food groups as well as sodium content of selected foods. Differences also depend on gender, age, cultural and socio-economic factors. As seen in a Canadian survey (33) , there are different impacts of sodium content of foods and their quantity purchased by consumers on estimation of SAPF. The average salt intake of the Slovenian population, assessed by 24h urinary sodium excretion, is 11.3±4.9 g salt/d, well above the WHO recommendations (5g). This may indicate that ready-made meals, most semiprepared foods and added salt during cooking and at the table, which the present study does not account for, are important sources of salt in the diet as well as dietary habits. Since the comprehensive national salt reduction program started in 2010, we expect that daily salt consumption in all population groups will reduce in time, and the strategy should be combined with education and behavioural interventions. The CINDI study in Slovenia reported that the number of adults who never salted their ready meals at the table has increased in the period 2001 -2008 from 41.4 to 50.8% (34) , which is a positive change of dietary habits.
In 2012, we conducted a survey on the average salt content of randomly selected meals from several types of restaurants (fast food restaurants; Slovenian, Chinese, Mexican, Spanish and Italian restaurants). We found that analysed prepared meals (N -35) contain on average from 0.7 to 1.9 g of salt per 100 g (35) .
The strength of the present study is that we established a comprehensive food composition database to monitor the dietary sodium availability in Slovenia 
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with representative national HBS data. However, the study also has a number of limitations that should be considered when interpreting the findings. First, for determining the average sodium content in food subcategories we grouped a variety of food products that may vary in salt content, which is characteristically true for meat products. We applied food product labels and generic data from food composition tables; only a limited number of laboratory analyses were used for determining sodium content of foods. The original purpose of HBS data collection is to provide data on household total consumption as an input to national accounts. Therefore, the estimates on food consumption are quite limited and cannot fulfil the same needs as some other dietary recall surveys.
The most important reason that we used the HBS data is that in Slovenia more detailed data have not yet been collected. The important weakness of our study using the HBS data is that households keep diaries for two weeks. According to the analyses performed during the last decade, the consumption during the second week is much lower than the consumption during the first week, which is an important response error. Furthermore, we acknowledge that our results of average sodium availability in purchased foods is only an estimation that we could use to monitor through the years to develop and evaluate the sodium reduction programs and not an estimation of salt intake on a personal level.
CONCLUSIONS
In summary, we have identified foods with the largest contribution to total SAPF in Slovenian households for the period 2000-2009 and estimated average sodium availability from purchased foods. Our study indicates that a large proportion of the daily sodium intake of Slovenians (in total exceeding the daily recommended intake levels) comes from a limited group of food items. Furthermore, our estimates, taken together with our population assessment of salt intake (16) , suggest that ready-made meals and most semiprepared foods would be important contributors to total salt intake and that added salt during cooking and at the table might also contribute to a higher proportion of the daily salt intake than previously thought. The salt content of meals eaten away from home is generally assumed to even be higher than those prepared at home. These data provide clear evidence for an inclusion of these items in the priority list for reformulation. At the same time, our data suggest that an increase in consumer awareness may still be required to modify behavioural habits of discretionary use of salt.
To monitor the dietary sodium availability in Slovenia, representative national HBS data were used. Therefore, our study had some limitations and weaknesses, so proper nutritional surveys and similar studies in Slovenia are needed to upgrade them. In Slovenia, we adopted the joint WHO/FAO recommendations that state that the population nutrient intake goal for salt should be less than 5 g/ day. A national programme for reducing salt intake needs to be implemented through combined efforts of national campaigns and initiatives, involvement of industry to achieve reformulation of food production, intensive interventions and primary care or population prevention programmes as well as consumer education. The most important steps in reducing salt intake are developing labelling of the salt contents in foods to help consumers to choose foods with less salt (36) . All effective strategies are encouraged to reach the upper recommended salt intake level, which is less than 5 g/day according to the World Health Organisation (11) and according to the Nutrition Action Plan for Slovenia (37) . However, further analysis and monitoring are needed. Total salt intake in Slovenian adults significantly exceeds the WHO upper limit. Therefore, it is clear that implementation of a national programme for reducing salt intake should also focus on collaboration with the food industry and on production of low-salt or reducedsalt foods.
